AD  7  21697 


RDTR  NO.  164 
MARCH  1970 


MK  45  AIRCRAFT  PARACHUTE  FLARE 
OPTiMIZATlOH  PROGRAM 

EVALUATION  OF  EXPERIMENTAL  PARACHUTES 
AND  PARACHUTE  MATERIALS 

FLIGHT  TEST  SERIES  NO.  2 


c 

RESEARCH  AND  DEVELOPMENT  DEPARTMENT 


NAVAL  AMMUNITION  DEPOT,  CRANE,  INDIANA 


national  technical 

iNfORMAT'ON  SERVICE 


NAVAL  AtMJNITION  DEPOT 


CRANE,  INDIANA 


RDTR  NO.  164 
March  1970 


MK  45  AIRCRAFT  PARACHU1B  FLARE  OPTIMIZATION  PROGRAM 
EVALUATION  OF  EXPERIMENTAL  PARACHUTES  «  PARACHUTE  MATERIALS 
FLIGHT  TEST  SERIES  NO.  2 


Prepared  By;  CLENNETO  R.  KOCH,  R.  L.  RICHARDSON,  J.  W.  LEONARD 


Reviewed 


Released 


Rm  No.  164 


TABLE  OF  CONTENTS  Page 

Abstract  ------  —  —  —  ii 

I.  Introduction  -----------------------  1 

II.  Test  Flights  -  —  —  5 

III.  Conversion  Fonnula  -  —  -  6 

IV.  Average  Descent  Velocity  Determination  ----------  6 

V.  Discussion  of  Flight  Test  Results  ------  —  -----  7 

VI.  Summary  ------  —  -----------------  12 

VII.  Recommendations  --------------------  14 

Appendix  A 

Special  Parachute  Tests  --------------  17 

Appendix  B 

Radar  Plots  —  —  —  -  -  —  -  --  --  --  --  -  25 

Appendix  C 

Photographs 

New  Parachute  Cross  Design,  Mylar/Dacrcxi  Cloth  -  -  -  31 

Flare  #K-110 . 32 

Flare  K-110  ■  350  KIAS . 33 

Flare  K-118  -  500  KIAS . 34 

Flare  K-133  -  400  KIAS . 35 

Flare  K-135  -  350  KI.\S . 36 

Flare  K-135  -  350  KIAS . -  37 

Flare  K~136  -  350  KIAS .  38 

Flare  K-213  -  350  KIAS .  39 

Flare  K-245  -  425  KIAS .  40 

Flare  K-247  -  450  KIAS 


41 


ROTR  No.  164 


ABSTRACT 

^  This  report  presents  the  results  of  MK  45  Aircraft  Parachute 
Flare  j)eyelopMntal  Plight  Tests  (experimental  parachutes  and  para- 
chute  materials)  conducted  at  Naval  We^>ons  Center «  China  Lake, 
California^  12rNoveid>er  1969  throu^  11  Deceii>er  1969.  The  basis 
for  choice  of  chutes  and  materials  for  these  tests  was  derived^ 
from  RDTR  #163.  Data  obtained  from  these  fli^t  tests  indicate  the 
cross  type  parachute  using  C^rex  Cloth  (.85  oz/sqyd)  to  exhibit 
the  most  advantageous  characteristics  for  incorporation  into  the 
MK  45  APP  system.  The  data  also  indicates  that  a  strength  problem 
exists  when  the  same  canopy  material  (Cerex)  is  used  on  the  present 
MK  45  APP  flat  circular  chute.  A  third  system  utilizing  a  cross 
parachute  with  a  Mylar/Dacron  laminate  cloth  was  evaluated.  This 
chute  also  had  cloth  failures  from  the  parachute  snatch  loading 
forces.  / 
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I.  INTRODUCTION 

A.  NAO  Crane  has  aade  local  studies  to  detendne  the  optiwai 
parachute  configuration  and  oaterial  for  incorporation  into  the 

MK  45  APF^>^>  RDTR  #163  and  RDTR  #130.  The  three  nost  significant 
factors  to  be  considered  are:  average  descent  velocity,  parachute 
Most,  and  flare  stability. 

B.  Two  different  parachute  configurations  incorporating  a  new 
spunbonded  nylon  Material  (Cerex)  were  evaluated.  The  Material  used 
was  the  .85  oz/sqyd,  425  t  70  CPM  cloth. 

(1)  Thirty  cross  parachutes  were  constructed  as  follows: 


Do* 

17.6  ft. 

Gore  width 

7  ft. 

Gore  length 

21  ft. 

Crown  thickness 

Single 

Shroud  line  length 

21  ft. 

No.  of  shroud  line /panel 

4  ft. 

Shroud  material 

Nylon 

No.  hem  stitches 

6-8/in 

Cotton  cord  in  skirt 

Yes 

(2)  Thirty  fiat  circular  parachutes  were  constructed  sinilar 
to  the  present  MK  45  APF  flat  circular  chute  as  follows: 

FIG.  2  Do  15’ -9" 

No.  of  gores  18 

*  Nominal  Diameter:  The  computed  diameter  of  parachute  canopy,  which 
equals  the  diameter  of  a  circle  having  the  same  total  area  as  the 
total  area  of  the  crag-producing  surface. 
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No.  of  shroud  lines 

18 

Shroud  line  length 

15 '-9" 

Shroud  line  material 

nylon  * 

Crown  tape 

3/4  nylon  ** 

Hem  stitches 

6-8/in  *** 

Hem  tape 

11/16  cotton 

Cotton  cord  in  skirt 

Yes 

Present  Production  MK  45 

Parachute  as  follows: 

*  Cott(m 

**  11/16  cotton 

12-16/in 

C.  Fifty  Cross  parachutes  incorporating  a  new  nyiar/dacron  (M/D) 

laminate  cloth  were  al.'io  evaluated. 

Hie  material  used  was  1/4  mill 

ftylar  reinforced  with  Dacrcm  threads 

(1)  Hie  fifty  Cross  parachutes  were  constructed  as  follows; 

FIG.  #1  Do 

16.8  ft. 

Gore  width 

6.33  ft. 

Gore  length 

20.6  ft. 

Crown  thickness 

Double 

Shroud  line  length 

20.6  ft. 

Shroud  line  material 

nylon 

No  shroud  line/panel 

5 

All  110  of  these  experinental  parachutes  were  assembled  into 
MK  45  APF's  at  NAD  Crane. 
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II.  TEST  FLIGHTS 

A  total  of  148  MK  45  APF's  were  flight  tested  at  aircraft 
speeds  of  200  through  450  KIAS.  The  148  consisted  of  the  110 
experimental  parachutes  plus  38  standard  MK  45  APF's.  The  standard 
flares  were  launched  to  provide  a  basis  for  comparison. 

All  flight  tests  were  conducted  at  Naval  Weapons  Center,  China 
Lake,  California.  An  A-4  aircraft  was  utilized  for  all  tests. 

Fuze  settings,  aircraft  air  speed,  and  launch  altitude  varied  as 
shown  in  Appendix  A.  The  aircraft  carried  20  flares  mounted  4  each 
on  5  external  Multiple  Stores  Bomb  Racks  (MSBR) ,  and  two  flares 
were  launched  on  each  pass  over  che  drop  zone.  Radar  was  eiq>loyed 
to  determine  average  flare  descent  velocity  of  the  first  flare  of 
each  pair  released,  (typical  radar  plots  are  shown  in  Appendix  B) , 
end  16mm  photographic  coverage  was  employed  to  obtain  data  on  chute 
stability  and  any  malfunctions  that  might  arise  on  the  second  flare 
released.  These  flights  extended  over  a  period  of  30  days .  The 
results,  therefore,  should  be  considered  in  light  of  many  different 
environmental  (meteorological)  conditions. 

The  MK  45  APF's  were  nmibered  as  follows: 

1.  P-150  thru  P-187  Std  Production  MK  45  APF's. 

2.  K-lOO  thru  K-149  MK  45  APF's  utilizing  the  cross 

parachute  fabricated  of  Mylar/Dacron  cloth. 

3.  K-18b  thru  K-217  MK  45  APF's  utilizing  the  flat  circular 

parachute  fabricated  of  Cerex  cloth. 
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4.  K-218  thru  K-247  MK  45  APF's  utilizing  the  cross 

parachute  fabricated  of  Cerex  cloth. 

Several  parachutes  were  recovered.  These  were  inspected  and 
photographs  were  made  of  the  damage  which  would  have  affected  chute 
performance.  These  photographs  appear  in  Appendix  C.  Each  photo¬ 
graph  is  identified  as  to  test  nuB^er,  launch  speed,  fuze  setting, 
parachute  ejection  velocity,  and  parachute  configuration  and 
material. 

III.  CONVERSION  FORMULA 

Because  the  test  flights  were  conducted  vising  production 
MK  45  APF's  as  a  base  comparison,  and  because  of  the  widely  different 
meteorological  conditions  encountered  over  the  total  evaluation 
period,  the  average  descent  velocity  of  each  parachute/candle  system 
evaluated  had  to  be  converted  to  a  nominal  average  descent  velocity 
using  the  following  formula: 

Experimental  Parachute  Production  MK  45  Parachute 

(Norn)  Average  Descent  Velocity  *  (Nom  Average  Descent  Velocity  8  ft/sec) 

Experimental  Parachute  Production  Mk  45  Parachute 

(Test)  Ave.  Descent  Velocity  (Test)  Ave.  Descent  Velocity 

IV.  AVERAGE  DESCENT  VELOCITY  DETEI^INATION 

The  average  descent  velocity  was  computed  by  using  the  time 
and  distance  from  candle  ignition  to  the  lowest  point  of  the 
candle  trajectory.  It  should  be  understood  that  in  some  instances 
during  positive  descent,  the  parachute/candle  system  became 
buoyant  and  thus  changed  to  negative  descent  near  the  end  of  candle 
bum.  This  negative  descent  was  not  considered  in  the  final 
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determination  of  the  average  descent  velocity. 

V.  DISCUSSION  OF  FLI(3fr  TEST  RESULTS 

The  following  specific  information  provides  test  parameters  and 
data  that  was  obtained  from  launchings  of  the  parachute  configurations 
listed  previously. 

A.  Cross  parachute  Do  =  16.8',  Mylar/Dacron  material  (50 
chutes  total)  -  Parachutes  were  fabricated  by  G.  T.  Schjeldahl  Co. 

(1)  All  flares  were  dropped  from  external  MSBR's  mounted 
on  an  A- 4  aircrrft. 

(2)  Aircraft  speed  varied  from  250  to  400  KIAS,  and  fuze 
settings  of  500  and  1000  ft.  were  used. 

(3)  Parachute  deployment  velocity  varied  from  200  to 
250  ft/sec. 

(4)  The  following  malfunctions  were  noted: 

(a)  Nine  flares  were  lost  becaiise  of  a  bomb  rack 
solinoid  failure.  This  caused  the  flares  to  drop  with  the  entire 
lanyard  attached. 

(b)  One  lanyard  broke  at  flare  release  from  aircraft. 

(c)  One  chute  was  a  streamer. 

(d)  Twelve  chutes  were  extensively  damaged  on  opening, 
causing  the  flare  to  have  faster  than  normal  descent  velocity. 

(e)  The  remaining  twenty-seven  flares  looked  OK 
visually  during  descent;  however,  later  inspection  determined  there 
was  slight  damage  to  some  of  the  chutes'  canopy  cloth. 
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(f)  Of  the  16  production  45  APF's  that  were  dropped 
in  conjunction  with  the  above,  there  were:  Two  duds  due  to  rack 
solinoid  failure,  one  unit  had  a  long  delay  from  launch  to  ignition 
(12.4  secs.),  one  chute  was  a  streaaer,  and  one  lanyard  broke  at 
flare  release  fr(»i  aircraft. 

(5)  The  following  descent  velocities  were  obtained: 

Production  MK  45  Qiute  Cross  Chute  Do  »  16. S' (M/D) 


Avg.  Descent  Velocity  (ft/sec) 

8.5 
7.0 

7.3 

7.4 

7.6 
7.9 

6  I  45.7 

7.61  ft/sec 

Conversion  Formula  (Para.  Ill, 

X  s  8  ' 

T708  ~7T^ 


Nominal  average  descent  velocity  =» 


Avg.  Descent  Velocity  (ft/sec) 

6.7 

4.7 

5.5 
5.3 
6.9 

4.2 

4.5 

2.7 

6.5 

3.3 

Page  4) :  5.0 

6.1 

4.7 
13  I  66.1 

5.08  ft/sec 

5.3S  ft/sec 
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B.  Flat  Circular  Parachute,  15.9*  dianeter,  Cerex  cloth 
(30  chutes  total)  -  parachutes  were  fabricated  by  Raven  Industries. 

(1)  All  flares  were  dropped  from  external  MSBR's  mounted 
cm  an  A' 4  aircraft. 

(2)  Aircraft  speed  varied  from  200  to  450  KIAS,  and  fuze 
settings  of  500  and  1000  ft.  were  used. 

(3)  Parachute  deployment  velocity  varied  from  195  to 
250  ft/sec. 

(4)  The  following  malfunctions  were  noted: 

(a)  One  lanyard  broke  at  flare  release  from  aircraft. 

(b)  One  flare  had  the  end  cap  to  eject,  but  parachute 
and  candle  never  ejected. 

(c)  One  flare  released  at  350  (KIAS)  with  500  ft.  fuze 
setting,  deployed  chute  at  195  ft/sec.  The  cloth  on  this  chute 
tore  about  1  inch  above  the  top  stitching  in  the  hem  tape,  a 
distance  of  approximately  4  feet  around  the  periphery  of  the  chute. 

(d)  Hie  remaining  twenty-seven  flares  performed 
satisfactorily. 

(5)  The  ten  production  MK  45  APF's  dropped  in  conjunction 
with  above,  performed  satisfactorily. 

(6)  The  following  descent  velocities  were  obtained: 
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Productioi  MK  45  Chute 
Avg.  Descent  Velocity  (ft/sec) 
5.9 
7.1 
8.6 
10. S 
7.0 


39.1 


7.82  ft/sec 


Flat  Circular  Chute  Do  *  15.9'  (Cerex) 
Avg.  Descent  Velocity  (ft/sec) 

6.5 

8.7 

6.7 
6.9 

7.2 

8.2 
8.4 
6.9 


7.8 


8.2 


8.8 

Conversion  Formula  (Para  III,  Page  4):  g  ^ 

X  8.0  77 

8731  “  7.82  I - 

13  1  100.8 


8.31  ft/sec 


Nominal  Avg.  descent  velocity  »  8.S  ft/sec 

C.  Cross  Parachute,  Do  ■  17.6*,  Cerex  cloth  (30  chutes 
total)  -  Parachutes  were  fabricated  by  Raven  Industries. 

(1)  All  flares  were  dropped  from  external  MSBR's  mounted 
on  an  A- 4  aircraft. 

(2)  Aircraft  speed  varied  from  200  to  450  (KIAS) ,  and  fuze 
setting  of  500  aiid  1000  ft.  were  used. 
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(3)  Parachute  deployaent  velocity  varied  froa  195  to 
250  ft/sec. 

(4)  The  following  malfunctions  were  noted: 

(a)  One  flare  had  the  lanyard  to  pull  out  of  the 
nicopress  sleeve  on  flare  release  from  aircraft. 

(b)  One  flare  released  at  425  (KIAS)  with  500  ft. 
fuze  setting,  deployed  chute  at  205  ft/sec.  The  cloth  on  this 
chute  tore  about  1/2  inch  above  the  stitdiing  in  the  hem  tape, 
a  distance  of  approximately  8  in.  along  the  hem. 

(c)  A  second  flare  released  at  450  (KIAS)  and  500  ft. 
fuze  setting,  deployed  chute  at  215  ft/sec.  The  cloth  on  this 
chute  tore  (as  above)  a  distance  of  approximately  20  inches  along 
the  hem. 

(d)  The  remaining  twenty-seven  flares  performed 
satisfactorily. 

(5)  Eleven  of  the  twelve  production  MK  45  APF's  performed  sat¬ 
isfactorily.  The  fuze  on  the  other  flare  was  still  on  safe 

when  recovered  from  the  range. 

(6)  The  following  descent  velocities  were  obtained: 

Production  MK  45  Chute  Cross  Chute,  Do  »  17,6'  (Cerex) 

Avg.  Descent  Velocity  (ft/sec)  Avg.  Descent  Velocity  (ft/sec) 

7.0  6.6 

6.8  5.7 

I 

7.7  2.9 
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7.4  3.6 

4.5  5.1 

5  33.4  3.7 

6.68  ft/sec  3.5 


3.9 

2.5 

3.6 


4.5 


Cmversion  Formula  (Para  III,  page  4): 
X  ^  8 

4.28  05“ 


3.9 


4.9 


5.1 


4.7 
15  64.2 

4.28  ft/sec 

Nominal  avg.  descent  velocity  »  5. 14  ft/sec 

All  the  aforementioned  flight  test  data  are  included  in  Appendix  A. 
VI.  SlfffiARY 

A.  The  following  resulted  from  the  flight  testing  herein 
reported. 

(1)  A  potential  strength  problem  was  found  in  the  present 
MK  45  parachute  configuration  when  the  Cerex  cloth  was  substituted 
for  present  woven  nylon  cloth.  Although  only  one  chute  failure  was 
found,  it  was  at  a  deployment  velocity  of  only  215  ft/sec.  It 
should  be  noted  that  a  350  KIaS  \*rcraft  release  and  a  3.5  sec. 
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fuze  delay  would  develop  a  275  ft/sec  parachute  deployment  under 
the  sane  environaental  coiditions.  No  difference  was  found  in  the 
instability  of  the  flare  by  substituting  the  Cerex  cloth,  it  was 
still  in  the  range  of  ±40-45*  ftaa  vertical.  This  chute  also  had  a 
faster  corrected  average  descent  velocity  8.5  ft/sec  vs.  8  ft/sec 
for  the  production  MK  45  chute. 

(2)  The  Cross  parachute  fabricated  of  the  sane  Cerex  cloth 
performed  very  well.  Slight  damage  (hem  tears)  was  found  on 

twc  chutes  which  were  deployed  at  205  and  215  ft/sec.  T!\is  damage 
was  very  minoi  and  it  is  felt  that  it  is  not  a  problem  at  present. 
This  chute  and  material  had  very  good  stability  ±5*  from  vertical 
axis  in  most  cases.  This  chute  exhibited  a  much  slower  corrected 
average  descent  velocity  5.14  ft/sec  vs.  8  ft/sec  for  the  pro¬ 
duction  MK  45  chute,  a  36%  reduction. 

(3)  The  Cross  parachute  fabricated  of  the  M|ylar/Dacron 
laminate  material  had  an  obvious  strength  problem  at  snatch  loading, 
when  deployment  velocity  was  above  200  ft/sec.  (It  should  be 
mentioned  at  this  time,  that  unknown  until  after  parachutes  were 
evaluated,  the  cloth  furnished  for  these  parachutes  was  fabricated 
differently  than  cloth  used  in^  RDTR  #163.  This  fact  may  or  may 
not  have  a  bearing  on  the  results  that  were  obtained).  If  the 
chute  was  not  damaged  badly  enough  to  cause  it  to  squid,  the 
damage  did  not  seem  to  adversely  affect  the  stability  +3“-4®  from 
vertical  axis  or  the  descent  velocity.  Even  though  most  chutes 
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showed  soae  cloth  daaage^  their  corrected  average  descent  velocity 
of  S.35  ft/sec  was  such  slower  than  the  Production  MX  45  Parachute; 
a  331  reduction. 

VII.  RE00?l€NDATI0NS 

It  is  recosnended  that  a  saaller  cross  paradiute  (approximately 
16  ft.  panel  length.  Do  •  j'i-13.S  ft)  fabricated  of  .85  oz/yd. 

425  t  7Q  CFN  Cerex  flare  cloth  be  further  evaluated.  This  program 
indicates  that  Cerex  cloth  exhibits  the  strength  to  withstand 
the  snatch  loading  required  for  this  diameter  parachute.  A 
parachute  of  this  diameter,  fabricated  of  Cerex  cloth,  should 
provide  the  same  average  descent  velocity  as  the  present  production 
MX  45  APF  chute,  plus  exhibit  a  sizable  reduction  in  parachute  cost 
and  increase  the  flare's  stability. 
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IS  ARSTRACT 


This  report  presents  the  results  of  MK  45  Aircraft  Parachute  Flare  Development 
Flight  Tests  (experimental  parachutes  and  parachute  materials)  conducted  at 
Naval  Weapons  Center,  China  Lake.  California,  12  November  1969  through 
11  December  1969.  The  basis  for  choice  of  chutes  and  materials  for  these  tests 
was  derived^  from  RDTR  #163.  Data  obtained  from  these  ^’'’ht  tests  indicate 
.  the  cross  type  parachute  using  Cerex  Cloth  (.85  oz/sqyd,;  exhibit 

the  most  advantageous  characteristics  for  incorporati or  •  o  the  MK  4b  APF 
system.  The  data  also  indicates  that  a  strength  pro*  ■'  '^ts  when  the  same 
canopy  material  (Corox)  used  on  the  present  MK  4."  circular  chute. 

A  third  system  util  ’-ng  a  Cross  parachute  with  a  Nh  ^  laminate  cloth 

was  evaluated.  Thi;  ’Ute  also  had  cloth  failures  ’•achute  “inatch 

*  loading  forces. 
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